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(S) Information recording/reproducing apparatus. 

@ An information recording/reproducing apparatus 
is provided with a velocity control device for moving 
a recording and/or reproducing head from a current 
track to a target track under velocity control. In the 
apparatus, a target velocity for the head is deter- 
mined and the moving velocity of the head is de- 
tected by a detector. In the apparatus, an instruction 
value for an actuator for moving the head is gen- 



erated at every predetermined calculating interval on 
the basis of the target velocity and the detected 
velocity so that the head follows the target velocity. 
In the generation of the instruction value for the 
actuator for the head, the calculating interval can be 
switched into a plural values by a switching device 
until the head reaches the target track. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



The present invention relates to an information 
recording/reproducing apparatus employing for ex- 
ample a magnetic disk or a magnetooptical disk, 
and more particularly to a velocity control device 
for an information recording and/or reproducing 
head for access to a target track, adapted for use 
in such apparatus. 

Related Background Art 



For velocity control of such head (or a light 
beam spot in case of an optical disk), there has 
generally been employed a closed loop control in 
which, as shown in Fig. 1 , generated is a reference 
velocity proportional to the square root of the resid- 
ual distance to the target position and the head is 
made to follow said reference velocity. In such 
control method, the actual head velocity is de- 
tected by a velocity detecting circuit, and the con- 
trol for following said reference velocity is achieved 
by thus detected speed signal. 

Fig. 2 shows an example of said velocity de- 
tecting circuit, wherein provided are a shaping cir- 
cuit 100 for shaping a tracking error signal into a 
binary signal; a digital differentiating circuit 101 
composed of a delay circuit 102 and an exclusive 
OR circuit 103; and a monostable multivibrator 104. 

Said velocity detecting circuit functions in the 
following manner. At first, as shown in Fig. 12. an 
automatic tracking (AT) error signal is binary 
digitized by the shaping' circuit 100 into a pulse 
signal with a duration corresponding to a half cycle 
of said error signal. Then the digital differentiating 
circuit 101 generates trigger pulses, for supply to 
the monostable multivibrator 104. at the upshift and 
downshift of said binary signal. In response, the 
monostable multivibrator 104 generates a pulsed 
velocity signal with a duration t , which varies the 
cycle time thereof according to the change in cycle 
time of the AT error signal. Since the velocity is 
proportional to the cycle time of the AT error 
signal, the velocity signal can be generated by the 
processing of said AT error signal AT. Also said 
digital velocity signal can be converted, by averag- 
ing, into an analog signal. 

However the output of said velocity detecting 
circuit cannot be practically used as the velocity 
signal when the velocity approaches to zero, as the 
interval of output pulses of the monostable mul- 
tivibrator is extended. Consequently an exact 
closed loop control is difficult in the speed control 
method explained in Rg. 1. In addition, in tiie 
above-explained control method, the band region of 
the closed loop is limited by the resonance, usually 



in 2 to 3 kHz region, of the actuator mechanism for 
head driving. For this reason the response is dete- 
riorated in a rapid deceleration, whereby the ve- 
locity at the end of a seeking operation cannot be 
5 brought to zero, and the overrun of the target 
position results. In order to avoid this drawback, 
there is employed a method of applying a large 
current to the actuator achieving acceleration within 
a short time, and effecting the deceleration in grad- 
70 ual manner. However, such control method results 
in an increased seek time t)ecause the deceleration 
is only gradually achieved without fully utilizing the 
accelerating ability. 

In order to avoid such drawback there is pro- 
15 posed a control method shown in Rg. 4, in which 
an open-loop bang-bang control is used for a major 
portion of the access distance, and the closed-loop 
control is adopted from immediately before the 
target position. This control method can reduce the 
20 seek time, because rapid deceleration is possible 
with a large current. 

However this control method may result in an 
overrun or leave a residual distance to the target 
position if the acceleration or deceleration is not 
25 conducted at appropriate points due to the influ- 
ence of friction, external force etc. since the bang- 
bang control is conducted in an open loop. On the 
other hand, the aforementioned closed-loop control 
method has to sacrifice the seek time in order to 
30 prevent the overrun. Thus it is difficult to achieve 
the high speed and the accuracy at the same time 
in either method. 

SUMMARY OF THE INVENTION 

35 

In consideration of the foregoing, the object of 
the present invention is to provide an information 
recording/reproducing apparatus equipped with a 
velocity control device for a recording and/or re- 
40 producing head, capable of exact control even at a 
high speed, without influence of friction or external 
force. 

The above-mentioned object can be attained, 
according to the present invention, by an informa- 
45 tion recording/reproducing apparatus equipped with 
a velocity control device for moving a recording 
and/or reproducing head from a current track to a 
target track under velocity control, provided with: 
means for generating a target moving velocity 
50 for said head; 

means for detecting the moving velocity of said 
head; 

means for generating, at every predetermined 
calculating interval, an instruction value for an ac- 
55 tuator for moving said head, based on said target 
velocity and the detected velocity, in such a man- 
ner that said head follows said target velocity; and 
means for switching said calculating interval 
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among plural values until said head reaches the 
target track. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg! 1 is a chart showing the relationship be- 
tween the reference velocity and the actuator 
current in a conventional velocity control method 
for a recording and/or reproducing head: 
Fig. 2 is a block diagram of a velocity detecting 
circuit to be used in the control method shown 
in Fig. 1; 

Fig. 3 is a timing chart showing the function of 
said velocity detecting circuit; 
Fig. 4 is a chart showing the relationship be- 
tween the velocity and the cunrent in a bang- 
bang control method constituting another con- 
ventional example; 

Rg. 5 is a block diagram of an embodiment of 
the information recording/reproducing apparatus 
of the present invention; 

Fig. 6 is a chart showing the relationship be- 
tween the target position and the target velocity 
in a multiple jump operation in said embodi- 
ment; 

Rg. 7 is a timing chart showing the relationship 
among the tracking error signal, the actuator 
instruction value and the velocity; 
Rg. 8 is a flow chart of the control sequence of 
the multiple jump operation; 
Rg. 9 is a block diagram of a second embodi- 
ment; 

Rg. 10 is a flow chart of the control sequence of 
the embodiment shown in Fig. 9; 
Fig. 11 is a flow chart of another control se- 
quence; 

Rgs. 12(a) to (e) are timing charts showing the 
detection of zero-cross points and peak points in 
the velocity/position detecting circuit in the 2nd 
embodiment shown in Rg. 9; 
Fig. 13 is a chart showing the relationship 
among the target velocity and actual velocity of 
the head, the tracking enror signal and the ac- 
tuator instruction value in a 3rd embodiment; 
and 

Rg. 14 is a flow chart of the control sequence of 

said 3rd embodiment. 
DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now the present invention will be clarified in 
detail by embodiments thereof shown in the at- 
tached drawings. Rg. 5 is a block diagram of an 
embodiment of the information 

recording/reproducing apparatus of the present in- 
vention, said embodiment applied to an optical disk 
recording/reproducing apparatus. 

Referring to Rg. 5. there are shown an optical 
disk 1 ; an optical system 2; a tracking error detec- 



tor 3 for generating a tracking error signal based on 
the output from the optical system 2; a focus error 
detector 4 for generating a focus error signal based 
on the output fronn said optical system 2; A/D 
5 converters 5 for converting the error signals from 
said error detectors into digital signals; .a digital 
signal processing unit 6 composed of an I/O control 
unit 7, a digital signal processor (DSP)^ 8, and 
memories 9, 10; D/A converters 11; a tracking 
70 actuator 12; a focusing actuator 13; and an external 
data input device 1 4. 

In the following there will be explained the 
basic function of the present embodiment. Rg. 6 is 
a chart showing the relationship between the target 
75 velocity of the light beam spot (or optical head) and 
the track position in a multijump operation. Fig. 6 
also shows an ideal target velocity, but actually 
used are discrete target velocities. 

In the illustrated example, the final target track 
20 is track 14. An acceleration region extends to a 
track 7, and a deceleration region starts thereafter 
and extends to the track 14. The deceleration re- 
gion is divided into a deceleration region I and a 
deceleration region II. with different precisions of 
25 velocity control. The division .of said deceleration 
regions is suitably determined in consideration of 
the decelerating ability. In the present example, the 
velocity control in the decelerating region I is con- 
ducted every 1/2 track as in the acceleration re- 
30 gion, but that in the region It is conducted every 
1/4 track for finer control. More specifically, the 
velocity control is conducted by determining the 
target velocity of the tight beam spot *^(or optical 
head), current velocity thereof and instruction value 
35 for the tracking actuator (or head actuator) at . every 
1/2 track in the acceleration region or in the decel- 
eration region i, and at every 1/4 track in the 
deceleration region 11. The velocity control may 
also be achieved by storing a velocity profile cor- 
40 responding to the moving distance in a memory, 
and reading these data according to the moving 
position at every 1/2 or 1/4 track. 

Fig. 7 is a chart showing the relationship 
among the tracking error signal, the instruction 
45 value for the actuator and the velocity thereof in 
four tracks before reaching the target track. 

In this example, since the tracks 10 to 12 
belong to the deceleration region I, the velocity is 
calculated at every 1/2 track, and the difference 
50 from the target velocity is added to the reference 
acceleration for driving the actuator. The velocity 
calculation at every 1/2 track is in fact conducted at 
the detected zero-cross points of the tracking error 
signal. For example, at a point A shown In Rg. 7, 
55 the time Ta needed from an immediately preceding 
zero-cross point Z to said point A is measured, and 
the current velocity Va is calculated from the fol- 
lowing equation: 



3 



5 EP 0 443 847 A2 6 



Va = 1 2X X 1/Ta (1) 

wherein X is the track pitch. 

The target velocity is V^cr at the point A in Fig. 
6, and the control amount act of the actuator is 
calculated by the following equation: 

act = -a + K(V,ef - Va) (2) 

wherein -a is the reference deceleration, and K is 
the feedback gain for velocity control. 

Then the tracks 12 to 14 belong to the decel- 
eration region 11, the velocity is calculated every 1/4 
track, and the difference from the target velocity is 
added to the reference acceleration for driving the 
actuator. In this case the velocity calculation at 
every 1/4 track is conducted by detecting the zero- 
cross points and peak points of the tracking error 
signal alternately and utilizing the measured time 
between these points. In Rg. 7, the zero-cross 
points and peak points are respectively indicated 
by and 

For example, at a point B in Rg. 7. the cun-ent 
velocity Vb is obtained from the following equation, 
based on the time T5 measured from Y to B: 

Vb = 1/4XX 1/Tb (3). 

The target velocity in this state is Vref at the point B 
in Fig. 6. so that the instruction act for the actuator 
is calculated as follows: 

act = -a + K(V,ef - Vb) (4), 



Control based on thus calculated values pro- 
vided a velocity curve as shown in Rg. 7. It will be 
understood that the actual velocity V, follows the 
ideal velocity Vref satisfactorily. 

In the following there will be explained equa- 
tions for obtaining the target velocity Vrei in Rgs. 6 
and 7. 

In general, at a residual distance S to the target 
position and with an acceleration ability a, the 
target velocity Vrei for reaching V = 0 after t 
seconds is obtained by solving the following si- 
multaneous equations: 

Vrei' t - 1'2a t2 = S (for distance) (5) 
Vref - at = 0 (for velocity) (6). 

Following equation on the target velocity is ob- 
tained by erasing t from these simultaneous equa- 
tions: 



The residual distance S can be obtained from 
the following equations: 

5 S = (Sa - X/2 X N) (8) 

S = (Sa - {X/2 X N + X/4 } ) (9) 

wherein Sa is a target moving distance (distance 
from the starting track to the target track). X is the 
10 track pitch, and N is the zero-cross count. The 
equation (8) is used in the calculation at the detec- 
tion of a zero-cross point, while the equation (9) is 
used in the calculation at the detection of a peak 
point. These equations indicate that the target ve- 
rs locity is proportional to the square root of the 
reside: J distance. 

T :e above-explained method allows to easily 
deteci the current velocity from the tracking error 
signai. Thus, such velocity detecting method not 
20 only ::spenses with a complicated velocity detect- 
ing circuit but also resolves the drawback of the 
conventional method of inaccurate detection at the 
velocity close to zero. Consequently such velocity 
detecting method allows to simplify the structure of 
25 the apparatus and to achieve accurate velocity 
control of the head. 

In the following the function of the present first 
emtxxJiment will be explained in more details. Rg. 
8 is a flow chart of the control sequence, as an 
30 example, in a multiple jump operation to a direction 
(inward movement). Fig. 8 shows the control se- 
quence in case of multiple jumps from the track 0 
to 14 shown in Fig. 6, with predetermined preci- 
sions in the acceleration region, deceleration re- 
35 gions I and 11 as explained before. 

At first a step SI enters the tracking enror 
signal into the digital signal processor (DSP) 8. In 
more detail, in Fig. 5, the light reflected from the 
optical disk 1 enters the optical system 2. and the 
40 tracking error detector 3 detects the tracking error 
signal Sn. which is converted in the A/D converter 5 
into a digital signal and supplied to the DSP 8 
through the I/O control unit 7. 

In a step S2, the DSP 8 detects the zero-cross 
45 point of the tracking error signal. As an example, 
an estimated next tracking en*or signal S*„*, is 
determined as follows from the entered tracking 
ei ior signal Sn and a preceding tracking error sig- 
nai Sn.i stored in the memory 9: 

50 

S'„., = 2S„-S„.i (10) 

Then the obtained estimated value and the current 
value are multiplied, and. if the product is zero or 
55 has a negative sign, the tracking error signal is 
Identified to be at the zero-cross point. A product 
equal to zero or having a negative sign indicates 
that the estimated value is on the zero-cross point 
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of the tracking error signal or assumes a positive or 
negative value beyond said zero-cross point, so 
that such estimated point is regarded as the zero- 
cross point. The step S2 effects such zero-cross 
point detection at each sampling of the tracking 
error signal, and, upon detection of said zero-cross 
point in a step S3, the sequence proceeds to a 
step S4, Except in the detection of the zero-cross 
point in the step S3, the DSP 8 is released until the 
next sampling and can therefore be used for other 
tasks. When the zero-cross point is detected, the 
content of an unrepresented counter for counting 
the number of appearances of the zero-cross point 
is increased by one. 

The step S4 determines the current velocity Vi 
and the target velocity V^ei as explained in relation 
to Rgs. 6 and 7. As explained in Rg. 7. the cunrent 
velocity V| can be calculated from the following 
equation, from the half cycle time T of the tracking 
error signal in this state and 1/2X : 

V, = 1/2XX ^^T (11). 

Also the target velocity can be obtained as follows: 
Vrer = v'2S5 (12) 

wherein the residual distance S can be obtained 
from the foregoing equation (8) and (9). 

In a step S5. the DSP 8 determines the instruc- 
tion value act for the actuator from thus obtained 
current velocity and target velocity. As the control 
is now in the acceleration region, said instruction 
value is calculated as follows: 

act = a + K(Vrei-Vt) (13). 

The instruction value is supplied through the I/O 
control unit 7 to the D/A converter 1 1 for conver- 
sion into an analog signal, which is used for driving 
the tracking actuator 12 (or the head actuator 
(linear motor) in case the velocity control is con- 
ducted on an optical head). Then a step S6 dis- 
criminates whether a half distance to the target 
track has been reached, namely whether the accel- 
eration region shown in Rg. 6 has been terminated, 
by counting the number of crossed tracks with an 
unrepresented counter, and. if the count indicates 
that said half distance has been reached, the se- 
quence proceeds to a step 37. Thus, in the accel- 
eration region representing a half of the distance to 
the target track, the actuator is driven with the 
instruction value determined at every 1/2 track by 
repeating the steps S1 to.S6. 

When said half distance is reached, the se- 
quence proceeds to the step S7 to initiate the 
control in the deceleration region I as already ex- 
plained in relation to Rg. 6. At first the step S7 



enters the tracking error signal, then a step SB 
effects the detection of the zero-cross point as 
explained before, and a step 89 discriminates 
whether the zero-cross point has been reached. 

5 Upon detection of the zero-cross point, a step S10 
determines the current velocity and the target ve- 
locity in the identical manner as in the step S4. 
Then, in a step Si 2. the DSP 8 determines the 
instruction value act for the actuator as follows, 

10 based on said current velocity and target velocity: 

act = -a + K(V,e,- Vt) (14), 

The actuator is similarly driven according to said 

15 instruction value. A step Si 2 discriminates whether 
a second track in front of the target track has been 
reached, namely whether the deceleration region I 
has been terminated, similarly by means of the 
zero-cross counter. When the step SI 2 identifies 

20 the end of the deceleration region I. the sequence 
proceeds to a step SI 3 for effecting the control in 
the deceleration region II. Thus, in the deceleration 
region I. the actuator is driven with the instruction 
value obtained every 1/2 track, as in the accelera- 

25 tion region, by repeating the steps S7 - SI 2^ 

In said deceleration region II. a step S13 enters 
the tracking error signal, then a step SI 4 effects 
the detection of the zero-cross point, and. if a step 
SI 5 identifies the zero-cross point, a step S18 

30 determines the current velocity and the target ve- 
locity as explained t>efore. On the other harid. if the 
step SI 5 does not identify the zero-cross point, a 
step SI 6 detects the peak value of the tracking 
error signal. Then, if a step SI 7 identifies the peak 

35 value, the step S18 determines the current velocity 
and the target velocity. Thus the zero-cross points 
and the peak points of the tracking error signal are 
alternately detected, and the current velocity and 
the target velocity are determined at each detec- 

40 tion. Stated differently, a precise control at every 
1/4 track is made possible by alternate detection of 
the zero-cross points and the peak points. In the 
step S18. the current velocity V, is determined as 
follows: 

45 

Vi - 1/4X X 1/T (15) 

wherein T is the film from the zero-cross point to 
the peak point. 
50 In a step SI 9, the DSP 8 determines the in- 

struction value act for the actuator, based on thus 
obtained currenT~velocity and target velocity ac- 
cording to the folkwing equation: 

55 act = -a + K(V«(- V,) (16), 

A step S20 discriminates whether the target track 
has been reached, by means of the count of the 
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zero-cross counter. Thus, in the deceleration region 
II. the actuator is driven with the Instruction value 
obtained every 1/4 track by repeating the steps 
Si 3 - S20. The nnultiple jump operation is termi- 
nated when the step S20 identifies that the target 
track has been reached. 

Now thiere will be explpigied the detection, in 
the step Si 6. of peak point of the tracking error 
signal. In the present embodiment, the difference 
ASn between the entered tracking error signal Sn 
and the previously sampled tracking error signal. 
Sn-i as follows: 

AS„ = S„-S„o (17). 

Then said difference AS„ Is multiplied by an imme- 
diately preceding similar difference ASn-i .which is 
calculated as follows in the preceding sampling 
and stored in the memory: 

ASn.i = Sn-i - Sn.2 (18). 

The peak point of the tracking error signal is iden- 
tified when the product of ASn and ASn.i is nega- 
tive. 

As explained in the foregoing, in the present 
first embodiment, the instruction value for the ac- 
tuator is calculated every 1/2 or 1/4 track, and the 
velocity is so controlled as to follow the target 
vetocity curve, so that the light beam spot (or 
optical head) can be brought to the target track in 
ideal manner without unnecessary movement. Thus 
a high-speed seeking operation is rendered possi- 
ble without any wasted movement. Also since the 
actuator is driven with the instruction value cal- 
culated every 1/2 or 1/4 track, a precise control to 
the target track is rendered possible without over- 
run. Consequently a precise control is possible 
even at a high speed, so that high speed and 
precision can be realized, unlike the conventional 
methods, at the same time. 

Rg. 9 is a block diagram of a second embodi- 
ment of the present invention, which is identical 
with that shown in Fig. 5. except the presence of a 
velocity-position detecting circuit 15. 

The velocity-position detecting circuit 15 
serves to detect the actual velocity of the light 
beam spot (or optical head) and to generate a 
digital velocity signal. In the embodiment shown in 
Rg. 5, the velocity is calculated from the tracking 
error signal, but, in the present embodiment, the 
velocity is detected by a velocity detecting circuit 
as shown in Rg. 2. Also the velocity detection may 
be conducted by counting clock signals within a 
predetermined track interval. 

In the following there will be explained the 
function of the present second embodiment, with 
reference to a flow chart in Rg. 10, showing the 
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function in a multiple jump operation. 

Referring to Rg. 10, at first in a step 81. the 
velocity-position detecting circuit 15 detects the 
velocity at a predetermined position, and sends a 

5 velocity signal to the DSP 8 through the I/O control 
unit 7. In the present embodiment, the velocity 
detection is. .conductejd at each of the. zerprPross 
points and the peak points of the tracking error 
signal. The method of detection of said zero-cross 

10 points and peak points for said velocity detection 
will be explained later in more details. Then the 
DSP 8 calculates the target velocity Vref at the 
timing of the zero-cross point or peak point, by 
determining the residual distance S from the cur- 

75 rent position to the target track and using the 
following equation: 

V,ef = (19) 

20 wherein S being determined from the equations 
(8) and (9). 

A step S3 calculates the instruction value act 
for the actuator as follows, from thus determined 
target velocity and the current velocity Vi detected 
25 by the velocity-position detecting circuit 1 5: 

act = K(V,ef - Vt) (20). 

The obtained instruction value is supplied, in a step 
30 S4. through the I/O control unit 7 to the D/A con- 
verter 11 for conversion into an analog signal, 
which is used for driving the tracking actuator 12 
(or head actuator (linear motor) in case the velocity 
control is conducted on the optical head). Then a 
35 step S5 discriminates whether the target track has 
been reached, and, if not, the sequence returns to 
the step 81 to repeat the sequence of the steps S1 
to 85. In this manner the actuator is driven with the 
instruction value obtained at the zero-cross points 
40 and the peak points of the track error singal, name- 
ly every 1/4 of the track pitch, and the multiple 
jump operation is terminated when the target track 
is reached. 

Said multiple jump operation may also be ter- 
45 minated when the current velocity becomes zero 
as shown in Rg. 1 1 . More specifically, a step S5 in 
Rg. 1 1 discriminates whether the current velocity 
has reached zero. and. if affirmative, the multiple 
jump operation may be terminated. It is naturally 
50 possible also to terminate the multiple jump opera- 
tion when either of the conditions shown in Rgs. 6 
and 7 is satisfied. 

In the following there will t)e explained the 
detection of the zero-cross point and the peak point 
55 of the tracking error signal, by the vekx:tty-position 
detecting circuit 15, with reference to Rg. 12. 

In Rg. 12, (a) indicates the tracking en^or (TE) 
signal, (b) indicates a binary signal obtained from 
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said tracking error signal, (c) indicates an RF 
(regenerated) signal with a phase advanced by 90 
from that of the TE signal, and (d) indicates a 
binary signal obtained from said RF signal. In gen- 
eral the TE signal is obtained as the difference of 
signals from divided sensors, whereas the RF sig- 
nal is obtained as the sum, so that the TE and RF 
signals are mutually different by 90* . 

In the present embodiment, the zero-cross 
points and the peak points of the TE signal are 
determined by exclusive logic summing of the bi- 
nary signals respectively obtained from the TE and 
RF signals. In Rg. 12, (e) indicates the output of 
said exclusive logic summing, with upshift coin- 
ciding with the zero-cross point of the TE signal 
and downshift coinciding with the peak point there- 
of. Such detection of the zero-cross points and the 
peak points is rendered possible since the TE and 
RF signals are mutually different by 90* in phase. 
The velocity-position detecting circuit 15 detects 
the velocity and generates a velocity signal at each 
of thus detected zero-cross points and peak points. 

This second embodiment also provides an ad- 
vantage of precisely controlling the light beam spot 
(or optical head) even at a high speed, in identical 
manner as in the preceding embodiment shown in 
Fig. 5. 

Through the foregoing embodiments have been 
limited to an information recording/reproducing ap- 
paratus utilzing an optical disk, but the present 
invention is not limited to such embodiments and is 
naturally applicable advantageously to other 
recording/reproducing apparatus employing for ex- 
ample magnetic disks. : 

In the following there will be explained a third 
embodiment of the present invention. The following 
description will be based on Rg. 5, since the 
function of said third embodiment can be achieved 
with an apparatus siimlar to that shown in Fig. 5. 

At first there will be explained the basic func- 
tion of the present third embodiment 
Fig. 13 is a timing chart showing the relationship 
among the target velocity curve of the light beam 
spot (or optical head) in a multiple jump operation, 
the actual velocity thereof, the tracking error signal 
and the instruction value for the actuator There is 
illustrated an example of jumping ten tracks, 
wherein a cycle of the tracking error signal cor- 
responds to a track. 

In the present embodiment, up to the 9th track 
which is immediately preceding the target track, 
the zero-cross points of the tracking error signal 
are detected, and the time T2 from a zero-cross 
point to a next zero-cross point is measured. The 
distance between the zero-cross point is measured. 
The distance between the zero-cross points is 1/2 
of the track pitch X. so that the velocity V| is given 
by: 



V, = \/2 X I/T2 (21). 

Also the target velocity V,ef is given by the zero- 
5 cross count as follows: 

V,ef = N/2a(S-\/2xN) (22) 

wherein S is the target moving distance. X is the 
10 track pitch and a is the deceleration. Then the 
instruction value act for the actuator is determined 
as follows, from thi" current velocity and the target 
velocity obtained from the equations (21 ) and (22): 

15 act = ±a + K(Vref - V,) (23) 

wherein ±a is the reference acceleration, and K is 
the feedback gain of the velocity control system. 
Thus the actuator is driven by the instruction 

20 value determined at every 1/2 of the track pitch up 
to a track immediately preceding the target track. 
As a result, as shown in Rg. 13. the actuator is 
accelerated with full power to a point Z and the 
velocity increases linearly. When the velocity 

25 reaches the point Z and catches up the target 
velocity, the deceleration is started according to 
the deceleration a shown in the equation (22). 

Then, when the light beam spot (or optical 
head) moves to a point B, as the^ velocity has 

30 considerably lowered by then, the velocity cal- 
culated at every 1/2 of the track pitch J.s consider- 
ably delayed from the actual velocity .'Consequent- 
ly the instruction value for the actuator calculated 
from such calculated velocity leads to an inac- 

35 curate control with significant error. 

For this reason the velocity is directly obtained 
from the tracking error signal. More specifically the 
velocity V, is determined as follows, from the track- 
ing error signal Sq sampled at a point B and that 

40 Sa sampled at a next point A: 

Vt = X/4 (Sa - S8)/Ts (24) 

wherein Ts is the sampling cycle time. 

45 When the tracking error signal is normalized to 

a range of ± 1.0. the moving distance is 1/4X for 
(Sa - Sb) = 1 .0. Stated differently, a sloped portion 
of the sinusoidal tracking error signal is approxi- 
mated by a straight line, and the velocity in a 

50 sampling section is determined from two values 
sampled at two points on said straight line and the 
sampling cycle time. Also the target velocity V,ef in 
this state can be determined by: 

55 V,e, = >/2^ (S-5ay (25) 

wherein Sg is the moving distance up to this point 
and can be obtained by calculating the cumulative 
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moving distances. Thus the instruction value for the 
actuator is calculated according to the equation 
(23), based on the current velocity and the target 
velocity obtained from the equations (24) and (25). 

In the above-explained velocity detecting meth- 
od utilizing linear approximation, it is difficult to 
obtain the exact , velocity in an area where the 
tracking error signal is inverted, such as X - Y in 
Fig. 13. Therefore, in such area where the linear 
approximation is not possible, the instruction value 
at the point X is retained, and the velocity detection 
by linear approximation is conducted again at the 
point Y. 

In the following explained is the actual function 
of the present third embodiment with reference to 
Fig. 14 which is a flow chart of the control se- 
quence in a multiple jump operation in one direc- 
tion (inwards) of the optical disk. It is also assumed 
that the control sequence is conducted according 
to the timing chart shown in Rg. 13. 

At first a step Si enters the tracking error 
signal into the DSP 8. f^ore detailediy. the light 
reflected from the optical disk 1 enters the optical 
system 2. and the tracking error detector 3 detects 
the tracking error singal Sn. which is converted into 
a digital signal by the A/D converter 5 and supplied 
through the I/O control unit 7 to the DSP 8. 

In a step S2, the DSP 8 detects the zero-cross 
point of the tracking error signal. As an example, 
an estimated next tracking error signal S'n + i is 
determined as follows from the entered tracking 
error signal $„ and a preceding tracking error sig- 
nal Sn,i stored in the memory 9: 

S'„., = 2S„-S„., (26). 

Then the obtained estimated value and the current 
value are multiplied, and. if the product is zero or 
negative, the tracking error signal is identified to tie 
at the zero-cross point. A product which is zero or 
negative indicates that the estimated value is on 
the zero-cross point of the tracking error signal or 
assumes a positive or negative value beyond said 
zero-cross point, so that such estimated point is 
regarded as the zero-cross point The step S2 
effects such detection of zero-cross point at each 
sampling of the tracking error signal, and, upon 
detection of said zero-cross point in a step S3, the 
sequence proceeds to a step 84. Except in the 
detection of the zero-cross point in the step S3, the 
DSP 8 is released until the next sampling and can 
therefore t>e used for other tasks. 

The step S4 determines the current velocity Vt 
and the target velocity V^ef shown in Rg. 13. The 
current velocity is obtained according to the equa- 
tion (21) from the time between the zero-cross 
points and 1/2 of the track pitch, and the target 
vek>city is obtained from the equation (22). A step 



35 calculates the instruction value for the actuator, 
by the equation (23), based on the current velocity 
and the target velocity determined by the DSP 8. 
Said instruction value is supplied through the I/O 
s control unit 7 to the 0/A converter 11 for conver- 
sion into an analog signal, which is supplied in a 
step S6 to ihe tracking aetuator 12 (or head ac- 
tuator (linear motor) in case the velocity control is 
conducted on the optical head). 
10 A step S7 discriminates whether a track imme- 

diately preceding the target track, namely approxi- 
mately the point B in Rg. 13, has been reached, by 
calculating the number of tracks with an un- 
represented zero-cross counter, and, if said track 
75 immediately preceding the target track has been 
reached, the sequence proceeds to a step S8. 
Thus, up to the track immediately preceding the 
target track, a control following the target velocity 
curve shown in Rg. 13 is conducted by repeating 
20 the steps SI - S7. 

Then the step SB enters the tracking error 
signal into the DSP 8. and a step S9 discriminates 
whether the value of said signal is within 80% of 
the maximum amplitude of the tracking error signal. 
25 If the absolute values of two samples of the track- 
ing error signal are both within 80% of the maxi- 
mum amplitude, the calculation of the current ve- 
locity is identified possible by the aforementioned 
linear approximation of the sloped portion of the 
30 tracking error signal. 

If the step S9 identifies that the tracking error 
signals are within 80% of the maximum amplitude, 
a step S10 determines the current velocity and the 
target velocity from the tracking error signal. The 
35 current velocity Vt is calculated by the equation 
(24). from the difference of the tracking error signal 
sampled in two points in an area approximated by 
a straight line and the sampling cycle time. Also 
the target velocity Vrei at this point is calculated 
40 from the equation (25). A step S1 1 then calculates 
the instruction value for the actuator based on thus 
obtained results, according to the equation (23), 
and a step SI 3 drives the actuator by thus ob- 
tained instruction value. 
45 On the other hand, if the step S9 identifies that 

the tracking error signal, entered into the DSP 8, 
exceeds 80% of the maximum amplitude, the se- 
quence proceeds to a step S12, Since the velocity 
calculation by linear approximation is difficult, the 
so step SI 2 retains the preceding instruction value, 
and a step S13 sends said value to the actuator. 
Then a step SI 4 discriminates whether the target 
track has been reached, and, if not. the steps SB - 
SI 4 are repeated. The multiple jump operation is 
55 terminated when the target track is reached. The 
operation may be terminated when the current ve- 
locity t)ecomes zero. In the foregoing explanation, 
the preceding instruction value for the actuator is 
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retained in an area where the tracking error signal 
exceeds 80% of the maximunrt amplitude, but such 
example is not limitative. For example an instruc- 
tion value of zero may be given to the actuator, 
which shows a zero acceleration and maintains a 
constant speed. 

As explained in the foregoing, in the present 
embodiment, the instruction value for the actuator 
is calculated at every 1/2 track pitch by detecting 
the zero-cross points of the tracking error signal, 
up to a track immediately preceding the target 
track. Consequently, in such region, the light beam 
spot (or optical head) can be controlled according 
to the target velocity curve, thereby achieving a 
high-speed seeking operation without unnecessary 
movement. 

As the light beam spot (or optical head) ap- 
proaches to the target track, the velocity thereof 
generally approaches gradually to zero, so that the 
interval between the zero-cross points of the track- 
ing error signal becomes longer. Since the current 
velocity determined for every 1/2 track pitch is an 
average in such track pitch, its error from the 
actual velocity becomes larger as the position be- 
comes closer to the target track. 

Therefore, in the last track gap immediately in 
front of the target track, the current velocity is 
exactly calculated by approximating the sloped 
portion of the tracking error signal with a straight 
line and employing signals sampled in such 
straight line area. Since the tracking error signal is 
sinusoidal, straight line approximation is possible 
only in the sloped portion. Consequently, in a sec- 
tion where such straight line approximation is not 
possible, the instruction value for the actuator is, 
for example, retained at the preceding signal level. 
In this manner the seeking operation of the light 
beam spot (or optical head) can be exactly con- 
trolled as the velocity thereof can be exactly cal- 
culated even when it is close to the target track. 

The foregoing embodiment describes an in- 
formation recording/reproducing apparatus utilizing 
an optical disk, but the present invention is not 
limited to such embodiment and is likewise ap- 
plicable advantageously for example to a recording 
apparatus utilizing a magnetic disk or the like. 

Also the present invention is subjected to var- 
ious modifications within the scope and spirit of the 
appended claims. 

It is furthermore possible to combine the first 
and third embodiments. More specifically, it is pos- 
sible to further divide the deceleration region II of 
the first embodiment, thereby effecting a velocity 
control at every 1/4 track pitch immediately after 
the shift from the deceleration region I, and adopt- 
ing a velocity control according to the equation (24) 
when the position comes close to the target track. 



Claims 

1. An information recording/reproducing appara- 
tus provided with a velocity control device for 
5 moving a recording and/or reproducing head 

from a current track to a target track under 
velocity control, comprising: 

means for generating a target moving ve- 
locity for said head; 
70 means for detecting the moving velocity of 

said head; 

means for generating, at every predeter- 
mined calculating interval, an instruction value 
for an actuator for moving said head based on 
75 said target velocity and said detected velocity, 

in such a manner that said head follows said 
target velocity: and 

means for switching said calculating inter- 
val among plural values until said head 
20 reaches the target track. 

2. An apparatus according to claini 1, wherein 
said switching means is adapted to^ switch said 
calculating interval in such a maiiner that it 

25 becomes smaller as said head comes closer to 

the target track. 

3. An apparatus according to clainn^ 1 , wherein 
said detecting means is adapted to detect the 

30 moving velocity of said head from a tracking 

error signal detected when said head crosses 
a track, 

4. An apparatus according to claim 3, wherein 
35 said detecting means is adapted to detect the 

zero-cross points of said tracking error signal 
and to detect tiie moving velocity of said head 
from the time between said zero-cross points 
and the distance of 1/2 of the pitch of tracks. 

40 

5. An apparatus according to claim 3. wherein 
said detecting means is adapted to detect the 
zero-cross points and the peak points of said 
tracking error signal and to detect the moving 

45 velocity of said head from the time between 

said zero-cross point and said peak point, and 
the distance of 1/4 of the pitch of tracks. 

6. An apparatus according to claim 3. wherein 
50 said switching means is adapted to control 

said detecting means in such a manner that, 
when said head is distant from the target track, 
said detecting means detects the zero-cross 
points of said tracking enror signal and detects 
55 the moving velocity of said head from the time 

between said zero-cross points and the dis- 
tance of 1/2 of the pitch of tracks, but. when 
said head comes close to tiie target track, said 
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detecting means detects the zero-cross points 
and the peak points of said tracking error sig- 
nal and detects the nnoving velocity of said 
head from the time between said zero-cross 
point and said peak point and the distance of 
1/4 of the pitch of tracks. 

7. An apparatus according *t6 claim 1. wherein 
said actuator is a tracking actuator. 

8. An apparatus according to claim 1, wherein 
said detecting means is adapted to determine 
the level difference of a tracking error signal 
obtained when said head crosses a track, by 
sampling within a predetermined amplitude 
level, and to detect the moving velocity of said 
head from said level difference, the sampling 
interval time and the track pitch. 

9. An information recording/reproducing appara- 
tus provided with a velocity control device for 
moving a recording and/or reproducing head 
from a current track to a target track under 
velocity control, comprising: 

means for generating a target moving ve- 
locity of said head; 

means for detecting the moving velocity of 
sad head, said means being adapted to detect 
the zero-cross points of a tracking error signal 
detected when said head crosses a track and 
to detect the moving velocity of said head from 
the time between the zero-cross points and the 
distance of 1 /2 of the pitch of tracks; and 

means for generating, at every predeter- 
mined calculating interval, an instruction value 
for an actuator for moving said head, based on 
said target velocity and said detected velocity, 
in such a manner that said head follows said 
target velocity. 

10- An information recording' reproducing appara- 
tus provided with a velocity control device for 
moving a recording and/or reproducing head 
from a current track to a target track under 
velocity control, comprising: 

means for generating a target moving ve- 
locity of said head; 

means for detecting the moving velocity of 
said head, said means being adapted to detect 
the zero-cross points and peak points of a 
tracking error signal detected when said head 
crosses a track and to detect the moving ve- 
locity of said head from the time between said 
zero-cross point and said peak point and the 
distance of 1'4 of the pitch of tracks; and 

means for generating, at every predeter- 
mined calculating interval, an instruction value 
for an actuator for moving said head, based on 



said target velocity and said detected velocity, 
in such a manner that said head follows said 
target velocity. 

5 11. An information recording/reproducing appara- 
tus provided with a velocity control device for 
moving a recording and/or reproducing head 
from a curent track to a target track under 
velocity control, comprising: 

10 means for generating a target moving ve- 

locity of said head; 

means for detecting the moving velocity of 
said head, said means being adapted to deter- 
mine the level difference of a tracking error 

75 signal obtained when said head crosses a 

track, by sampling within a predetermined am- 
plitude level, and to detect the moving velocity 
of said head from said level difference, the 
sampling interval time and the track pitch; and 

20 means for generating, at every predeter- 

mined calculating interval, an instruction value 
for an actuator for moving said head, based on 
said target velocity and said detected velocity, 
in such a manner that said head follows said 

25 target velocity. 

12, An apparatus according to claim 11, wherein 
said predetermined cimpiitude level is 80% of 
the maximum amplitude. 

30 

13. An apparatus according to claim 11, wherein, 
in an area in which said predetermined am- 
plitude level is exceeded, the actuator is driven 
with an instruction value generated prior to 
said area. 

14, An optical information recording/reproducing 
apparatus provided with a vekx:ity control de- 
vice for moving a light beam spot from a 

40 current track to a target track under velocity 

control, comprising: 

means for generating a target moving ve- 
locity for said light beam spot; 

means for detecting the moving velocity of 
45 said light beam spot 

means for generating, at every predeter- 
mined calculating interval, an instruction value 
for an actuator for moving said light beam spot 
based on said target velocity and said de- 
50 tected velocity, in such a manner that said 

head follows said target velocity; and 

means for switching said calculating inter- 
val among plural values until said light beam 
spot reaches the target track. 

55 

15. An apparatus according to claim 14. wherein 
said switching means is adapted to switch said 
calculating interval in such a manner that it 
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becomes smaller as said light beam spot 
comes closer to the target track. 

16. An apparatus according to claim 14, wherein 
said detecting means is adapted to detect the 5 
moving velocity of said light beam spot from a 
tracking error signal detected when said light 
beam spot crosses a track. 

17. An apparatus according to claim 16, wherein io 
said detecting means is adapted to detect the 
zero-cross points of said tracking error signal 

and to detect the moving velocity of said light 
beam spot from the time between said zero- 
cross points and the distance of 1/2 of the is 
pitch of tracks. 

18. An apparatus according to claim 16. wherein 
said detecting means is adapted to detect the 
zero-cross points and the peak points of said 20 
tracking error signal and to detect the moving 
velocity of said light beam spot from the time 
between said zero-cross point and said peak 
point, and the distance of 1/4 of the pitch of 
tracks. 2S 

19. An apparatus according to claim 16, wherein 
said switching means is adapted to control 
said detecting means in such a manner that, 
when said light beam spot is distant from the 30 
target track, said detecting means detects the 
zero-cross points of said tracking error signal 

and detects the moving velocity of said light 
beam spot from the time between said zero- 
cross points and the distance of 1/2 of the 35 
pitch of tracks, but, when said light beam spot 
comes close to the target track, said detecting 
means detects the zero-cross points and the 
peak points of said tracking error signal and 
detects the moving velocity of said light beam 4o 
spot from the time between said zero-cross 
point and said peak point and the distance of 
1/4 of the pitch of tracks. 

20. An apparatus according to claim 14. wherein 45 
said actuator is a linear motor. 

21. An apparatus according to claim 14, wherein 
said detecting means is adapted to determine 

the level difference of a tracking enror signal so 
obtained when said light beam spot crosses a 
track, by sampling within a predetermined am- 
plitude level, and to detect the moving velocity 
of said light beam spot from said level dif- 
ference, the sampling interval time and the 55 
track pitch. 

22. An optical information recording/reproducing 



apparatus provided with a velocity control de- 
vice for moving a light beam spot from a 
current track to a target track under velocity 
control, comprising: 

means for generating a target moving ve- 
locity of said light beam spot; 

means for detecting the moving velocity of 
said light beam spot, said means being adapt- 
ed to detect the zero-cross points of a tracking 
error signal detected when said light beam 
spot crosses a track and to detect the moving 
velocity of said light beam spot from the time 
between the zero-cross points and the distance 
of 1/2 of the pitch of tracks; and 

means for generating, at every predeter- 
mined calculating interval, an instruction value 
for an actuator for moving said light beam 
spot, based on said target velocity and said 
detected velocity, in such a manner that said 
light beam spot follows said target velocity, 

23- An optical information recording/reproducing 
apparatus provided with a velocity xontrol de- 
vice for moving a light beam spot from a 
current track to a target track under velocity 
control, comprising: 

means for generating a target moving ve- 
locity of said light beam spot; 

means for detecting the moving velocity of 
said light beam spot, said means being adapt- 
ed to detect the zero-cross points and peak 
points of a tracking error signal detected when 
said light beam spot crosses a track and to 
detect the moving velocity of said light beam 
spot from the time between said zero-cross 
point and said peak point and the distance of 
1/4 of the pitch of tracks; and 

means for generating, at every predeter- 
mined calculating interval, an instruction value 
for an actuator for moving said light beam 
spot, based on said target velocity and said 
detected velocity, in such a manner that said 
light beam spot follows said target velocity. 

An optical information recording/reproducing 
apparatus provided with a velocity control de- 
vice for moving a light beam spot from a 
current track to a target track under velocity 
control, comprising: 

means for generating a target moving ve- 
locity of said light beam spot; 

means for detecting the moving velocity of 
said light beam spot, said means being adapt- 
ed to determined the level difference of a 
tracking error signal obtained when said light 
beam spot crosses a track, by sampling within 
a predetemnined amplitude level, and to detect 
the moving velocity of said light beam spot 
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from said level difference, the sampling interval 
time and the track pitch; and 

means for generating, at every predeter- 
mined calculating interval, an instruction value 
for an actuator for moving said light beam 5 
spot, based on said target velocity and said 
detected velocity, in such a manner that said 
light beam spot follows said target velocity. 

25. An apparatus according to claim 24. wherein ;o 
said predetermined amplitude level is 80% of 

the maximum amplitude. 

26. An apparatus according to claim 24. wherein, 

in an area in which said predetermined am- is 
plitude level is exceeded, the actuator is driven 
with an instruction value generated prior to 
said area. 

27. Apparatus for recording head positioning com- 20 
prising a sensor and a digital processor being 
arranged to control the head velocity in depen- 
dence upon the signal from the sensor, 

28. A recording head comprising means for selec- 25 
tively accelerating the head or decelerating the 
head, and means for detecting a predeter- 
mined position on the recording medium, the 
selection means being arranged to accelerate 

the head until a predetermined sensed position 30 
and then decelerate the head. 

29. A head for a recording medium comprising a 
plurality of tracks, and control means for mov- 
ing the head a selected number of tracks, the ss 
control means being responsive to a plurality 

of track-defined positions to generate a pre- 
determined head velocity at each. 
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@ Information recording/reproducing apparatus. 



@ An information recording/reproducing apparatus 
is provided with a velocity control device for moving 
a recording and/or reproducing head from a current 
track to a target track under velocity control. In the 
apparatus, a target velocity for the head is deter- 
mined and the moving velocity of the head is de- 
tected by a detector. In the apparatus, an instruction 
value for an actuator for moving the head is gen- 



erated at every predetermined calculating interval on 
the basis of the target velocity and the , detected 
velocity so that the head follows the target velocity. 
In the generation of the instruction value for the 
actuator for the head, the calculating interval can be 
switched into a plural values by a switching device 
until the head reaches the target track. 
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